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Abstract

Background & Aims: Gestational diabetes mellitus (GDM) is the most common medical
complication of pregnancy and is defined as glucose intolerance or high blood sugar
(hyperglycemia), with the onset or first diagnosis during pregnancy. The prevalence of
gestational diabetes varies from 1 to 20% and is increasing worldwide as maternal obesity
and type 2 diabetes increase (1). Gestational diabetes increases the risk of short-term
complications such as preeclampsia, cesarean delivery, macrosomia, hypoglycemia in
infants, or hospitalization in neonatal intensive care units, as well as the long-term
progression of type 2 diabetes (3). Some risk factors that predispose women to gestational
diabetes include overweight and obesity, polycystic ovary syndrome (PCOS), pre-diabetes,
gestational diabetes in a previous pregnancy, a family history of type 2 diabetes, maternal
age and vitamin D deficiency (4).

Blood glucose control is a vital factor in counteracting the side effects associated with GDM
(5). Peripheral insulin resistance has been shown to help increase GDM-related blood
glucose (6). In women with GDM, peripheral insulin sensitivity decreases and beta-cell
dysfunction cannot meet the increased insulin needs during pregnancy and thus increase
blood glucose (7).

Metabolic disorders in GDM may be due to excessive accumulation of adipose tissue due to
chronic low-grade inflammation associated with macrophage infiltration and secretion of
many inflammatory cytokines. GDM is associated with an imbalance of various
inflammatory processes that occur during pregnancy. Cytokines including interleukin-1 beta
(IL-1B), interleukin-6 (IL-6) and Tumour necrosis factor o (TNF-a) as well as other
inflammatory markers such as C-reactive protein (CRP) increase in the female bloodstream
of Obese pregnant women and women with GDM. These cytokines are biologically active
compounds that participate as mediators in many metabolic pathways and affect the use of
energy substrate in the fetus and offspring (8).

Gestational diabetes control is based on two different approaches: interventions aimed at
promoting healthy lifestyles, such as changes in diet or exercise, and anti-diabetic drug
therapy (11). However, it is not clear about the characteristics of the type of exercise needed
to better manage gestational diabetes. Findings from clinical and epidemiological studies do
not show any maternal or fetal side effects on women with mild to moderate exercise. In fact,
pregnant women are now advised to exercise regularly in the absence of medical or delivery
complications (12).

In the present study, some of the most important pathophysiological aspects of gestational
diabetes are investigated and discuss how exercise can bring about some physiological
adaptations of GDM. Metabolic changes and the role of inflammatory and anti-inflammatory
factors in gestational diabetes are examined and attempts are made to elucidate the
mechanisms by which exercise can be useful as an adjunctive therapy in improving
metabolic conditions and reducing inflammation during gestational diabetes. In view of the
above, the present study intends to investigate the effect of exercise activities on metabolic
responses and inflammatory and anti-inflammatory factors in women with gestational
diabetes. The aim of this study was to review the effect of exercise on metabolic responses,

Keywords
Gestational Diabetes,
Exercise,

Insulin Sensitivity,

Inflammation

Received: 07/05/2022
Published: 09/07/2022

32


https://orcid.org/0000-0002-8105-8874
https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-19 ]

[ DOR: 20.1001.1.22287043.1401.29.4.7.4 ]

Ahmadi M, et al.

inflammatory and anti-inflammatory factors in women with gestational diabetes (GDM).
Methods: Search performed for studies on the response of metabolic, inflammatory and anti-
inflammatory factors to exercise in gestational diabetes in the reputable databases Springer,
Hindawi, PubMed, Google Scholar, Scopus, SID and ISC using the keyword Exercise
Training, Metabolic factors (glucose, insulin, glycosylated hemoglobin and insulin
sensitivity), inflammatory factors (interleukin-1 beta, tumor necrosis factor (TNF-a),
interleukin-6 (IL-6) and reactive protein C (CRP)) and Anti-inflammatory factors
(interleukin-10 (IL-10) were performed. 20 studies of metabolic responses and
inflammatory-anti-inflammatory to exercise in women with GDM were reviewed.

Results: In studies on metabolic factors, the benefits of exercise were observed to improve
glycemic control, optimize fasting glucose and insulin concentrations, reduce glycosylated
hemoglobin levels and improve insulin sensitivity in women with GDM. Also, decreased
levels of inflammatory markers have been reported in women with GDM.

Conclusion: Evidence from randomized controlled trials shows that exercise as a
supplement to standard care significantly improves postprandial control for glycemia and
lowers fasting blood glucose for women with GDM (85-88). It was also found that people
who exercise are prescribed less insulin (86, 89), so exercise is as effective as insulin in
maintaining normal glycemia and can be helpful in meeting the need for insulin therapy.
These results are clinically important because they show the potential of exercise to help
lower acute blood glucose levels to normal. Glycosylated hemoglobin levels also measure
long-term glycemic control (2 to 3 months), and exercise appears to improve HbAlc in the
long term (87, 88). There is an acceptable physiological explanation for supporting exercise
as a therapeutic supplement to improve glycemic control in women with GDM. Insulin
administration does not reduce insulin resistance. In contrast, exercise increases insulin by
stimulating glucose uptake into muscle by activating intracellular glucose transporters and
increasing the use of intracellular fatty acids (50). Also, the amount of glucose consumed is
affected by the duration and intensity of exercise. The more intense the exercise, the stronger
the effect of lowering blood sugar (92). On the other hand, women with GDM show a greater
inflammatory response. If inflammation promotes these adverse pregnancy outcomes,
exercise may protect against the anti-inflammatory effect. Regular exercise has been shown
to reduce some of the complications and risks of gestational diabetes, the protective effect of
exercise in pregnant women is partly due to the reduction of inflammation (93). Exercise
stimulates glucose in insulin-independent skeletal muscle. Therefore, less insulin is needed
to maintain glycemia, and this appears to be mediated by muscle-derived cytokines. Both
mechanisms could explain the lower first-phase insulin response seen in more active women.
Inflammatory cytokines may play a protective role on the glucose / insulin axis (39),
extending this role to overweight and obese pregnant women. Pregnant women are more
likely to have a more pronounced proinflammatory condition due to weight, BMI, and
metabolic characteristics, which may affect their response to exercise. In general, it seems
that changing the exercise version in the experiments prevents identifying the optimal type of
exercise to improve metabolic conditions and reduce inflammation in women with GDM. In
general, it can be concluded that aerobic and resistance or combined exercise are similarly
effective in improving blood glucose control and reducing inflammation in women with
GDM, provided they are similar in terms of exercise characteristics. Future studies should
evaluate the effects of exercise combined with other interventions (diet) versus control
(standard care-recommendation) on metabolic responses and inflammatory and anti-
inflammatory factors in women with GDM, separate studies determine the effect of each
intervention, and the type and severity of prescribed exercise should be considered. It seems
that regular participation in exercise training can improve metabolic conditions and reduce
inflammation in women with GDM. However, more studies are needed to investigate the
effect of exercise, especially on inflammatory and anti-inflammatory factors in women with
GDM.

Conflicts of interest: None
Funding: None

Cite this article as:

Ahmadi M, Kazemi N. The Effect of Exercise on Metabolic Responses, Inflammatory and Anti-inflammatory

Factors in Women with Gestational Diabetes. Razi J Med Sci. 2022;29(4):31-48.

*This work is published under CC BY-NC-SA 3.0 licence.

Yy

VP 5 F oyles (Y4 6,55 5jl) ipSubjs ogle alan http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-19 ]

[ DOR: 20.1001.1.22287043.1401.29.4.7.4 ]

S 03,90 1y g5 a8 il Az 50 5 o)l
)

J=ds 4o el (oo GDM . (o S gobie Y]
oo Sl Jdo a2 2l ool e
ok d 5 5 39 Sle 3585 b adpe (il 4z o
Jolss poce Ly GDM Lol gl cloonlS szl
Slast gylo ) olyg jo a8 oledd! calises slaasT
~onS ol ez 5l lacnlgle ol ol jon a8l oo
35755 5555 5 (IL6) 5= S5 il (AL-1P) sy )
s sl ,S ke K08 (eizmen 5 (TNF-0) 0- 5053
D35 B3y 3 (CRP) €y (25T ety il
abse Gl GDM 3 (65 5 Gl 515k ()65
A A alws g Jd OS5 e plSanle ol
CS 50 (Selgbie Glo s 5l 6k 5o abanly (lgae
9 o2 5 S5l Slyimmage 5l osliinl g 0 o
ol jo il oml (A 05 B8 o 8L ol
g Sl 00l oamlive 3l 01 )3 o9 4 by 4z
3 i g s e 2l 3 Sl S5k ol 4
a8 U gl ialsdl sl 009y bogsye ol polo
o=l 690 o .l ol per 95 50,5 ;0 IL-6 g CRP
Ol SIS L] 1 5T ds 4 elge
LS 00 | el 4 Caaglie yial33l el oo

Jimns 00 L5 (o (593 7 TNF-0
40 TNF-0 .(3) cewl gyl jo pdaudl 4 conlus
GDM 3535551 5 5,105k (ormb (el gl 42 Sl
adgi =,z ol g cax hawgs TNF-au o)l s
ol 3l 3o )T b 45 Col o b 5 05 o
Mo 55 50 5 el YL (g b0 L Jolgl b anslie yo
Oso= 0L L anlie )5 panseas ooy o GDM o,
Cesl Sos GDM ;5 TNF-0 5 ool 5YLGDM
32 P oyl ] ol s s
Sl sl ey JFI0S 9 B ol 0 Shoe
O ) ail oydgud

Dyliie 9,509, 93 bl = (55l obs J S
Sogd g, Bus L OMSlas 104 oo ploxl
Sn Sl b oI35 50 et wile ol (S
Sy9—0 0 az>ST.(VV) cobo oo gyl ey
e S e Sl 5L 990 ()9 95 S S R
5 ol slad bl s aie 5o, Cbs

¥

O 5 sden! 5550

doddo

oSl (Gestational diabetes) (sl cobs
oot pae (loie an g conl (g)lo )L (SKby as e
L gomnddS o) (95 08 YL cale | 5918
5 6 Glhss o a0
g Sl yuaia LY BV 1o o)l ol ol 098 o0
PV e cabs g olyele (Bl s, IR Olejen
Sabs e (V) Sl Glidl Sl o Gl ol
il il oy Bl il L s ol
S ohole sl ook cobs a4 Ml jlas b e
Body mass ) ;o 0095 ali) plp YAY 59 adls]
oy il YO8 3Ls ol (YAIYO-4/+ «(index
Sle U o @l i il ADF o BMI> ¥+)
a9 Lol b b avslie 4o) ¥+ (BMI: 2000
> syl cobs (V) el BML: <YO) b
Olosly o emmoMST 0, 0 ile oo 0l5eS 5,l9c
Lo oolios )9 95 ad <8l o939, e el
5 Ololig o5y Slacadl e (isu ;o Gad (6
ol Y es cobs oe GYsb Cé iy risren
S |y 055 a8 jlas Jalgs 5 (S (1) wao e
5 039 BLA 4 lee 08 om (50l el 42D
Polycystic-) StoweS b plaess pyoicn o Sl
3 6y, cobs wesbs o (ovary syndrome
GYL o F g9 Cuby Solgls amlu « L3 g)lo )L
() D (poliyg 0905 5 y0bo

Al b ablie o Sl Jole S 93 w8 08
Sl o0 o0l Lis (0) Cewl GDM L Lo po ol
o9 08 iolislan Jase sl 4 Cloglie oS
3,90 5 P po 0500 .S 0 SeS GDM L Loy yo

Gyl ol &S cunl 009y (pl ju2l slaans [ sGDM
Ty pos 4z 5 5 B Jske 6,55k pae o 4
(P g ogdle gb e Sl (gl (BB
S (a8 5 el 005 JLail LS
odds 5,155 GDM arwgs b bL3 | jo pdgudl oas 5
5 b 6L 50 w2 Gelgedl Sl () ol
18 0 ylo,b cubs 4 e sla Shol> jo o2
Sl GDM a0 Mo 55 50 0l o0 LS
Sy Sdos Pzl g b o alS gl (ane
i 55 ol il Gial33l g e iy Sl


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-19 ]

[ DOR: 20.1001.1.22287043.1401.29.4.7.4 ]

)k s 4 Moe 5 3 el 5 el Jelse 5 Sglie (ol fuly 2 (o859 slacalld 536

Syl yo .ol sl ISC 4 SID Scopus Scholar
il 00l ool 5 @.»5): SMlasl )l gz
PS5 Splie slagazla (sl )l cubs -85
(Ol Sl 9 4l 5585 lS sen (g
Lo VoS sl leall lse 5 o6, cloo
F- 3S o piul (TNF-01) js0gi 0o 55,50 ,5:518
SlMasl plsyle,b cobs AL-10) Vo - .Sg) ol
L Lagl pogm dai o 5 (09 comslin il 4 g
aalllas VO ggomme )3 WSS 3 oz 3)90 Egdge
Jelse ly aalllan B 5 ()9 4 Sdglie iy
Sl an M U5 5 (A9 4 ledlas g Sl
Yor) BVAAR Jlo 5l ol oS 9o b g lo b
azg L ools ol.i:l.: G (&b 5l onls @L»L.w

Al ad,s b oo Jlesl Jlai iy e sle )l a0

S colo 4o ( Sdpplio Of gt

O resd 3 (Selgrlie DlyesS gk 551000 (e
i ) GLlE I Clax sl B 4355 (pog:
alac jo (asice g o0dg iy gl 4 Caglde o]
A )3 9 39800 975 (6,10, Lanlgl 5l ¢ jole S
Canglie (o 5 golaw 4 5 WS (o0 Cd iy pom nle
5 Laogeyse (V1) sy oo ¥ oggh cabis o Gl &
TINF-0 adox 5l otz 5l oads el 5 sla S g0l
9 J9iir9S «Chz 0By (g9l (Lh ()59SY

looly pLS 50 @ S s & 09 e n
A 6510,k 0 gl 45 Cenglio  Jaio] S e
3 sl g5 2l Ly smere sl O0)
ol Eanglin ol 1yt S B sl sk
Olye o Wlgi oo Jale cnl 09d oo pateie Jans
i nglin o Sne) (el 43 ol ot el
oSL B sledsl ) sl w25 5 (el
aS 0l o sl Sley GDM aswsi .06 ools lias
St a0yt U5 4 a5 B iyl ol
DS 005l 1y (haeme el @y Conglite (Sdgilie
oo Laa> GDM & Mo b s yo blae alal,
£ oyl i ey e s 3 Lol
Odadl LY+ B Fe GDM &y Mo )l (g 1000 oo

VP 5 F oyles (Y4 6,55 5jl) ipSubjs ogle alan

Yo

Sole sT Sasslsens 5 il Slalllao
slacalsd a5 S5 595 = 1) oz 9 0k (>
50 «&8ly o amo o lis wijle lawgie 5 b oy
Dy 50 45 39 os drogs )L 0l 4 pol>
SSlg2 A9 oleli b (Sbi 2)lye 3929 pae
Olaazin ol el 7S .O0Y) wsl anils plae
American College of Obstetricians ) ;)lwl; 9 U
C—bo ezl 9 (ACOG) (and-Gynecologists
(ADA) (American Diabetes Association) LS ).J

Sl Mahe (S leys SO lsie 4Ly
L aido Ve g aiwlid oo Soasy 45 5 lo)L 2abs

wibe slayg, Sl ;0 ey 5o 1) Lawgie ()9 yiie
O a5 o slgiiny

Slodix (n St 5l (B0 il adlllas o
)90 )3 509 oy p )L by SuSels sl
S, (S n algiee (059 495 4
s S o iy S 0lyl |y GDM (S350 33
b 5o ledlaas 5 Dbl Jalge p85 5 S gulie
LS 95—doo (o 5 39—300 ()2 Sl
Ols=e 4 il oo (5555 O Gryb 5l & (bl
LS 5 Slalin Ll ssngs 55 S8 ol
D9 by y Il dmde (g5l0,l0 ol (b Sl
9 *‘—“‘) sl ool olhgs o sole Sdplie ol
a0 JLelS dis Sl 5l i g ol s i g
oem blo )l Jods an iomen .l aisly b0l
2 ol glasly 5 ol as 5 ol glag—ly
S Sl e ol Sless (G5 olenls
Ol 00 S i 1 650 ogllaels (slaaly
Coro obpilSo g Ol 0,50 50 Lo Ll
ol i al3 3 el 55 95 005
Slopille Cosii 9 Sl Glaatld waw ks
il s g8 5 fye g U g e s
2 =59 Slacaled 18U (o 4 o)l aad
3 Sdlas g Lol Jslge 5 Sglie slagaly
B3 0 g5l b colis a M o)

JLIT-TY
oLSOL 5l ool b g fazmives g 5/ i/
Google PubMed Springer, Hindawi ,5 Laosls

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-19 ]

[ DOR: 20.1001.1.22287043.1401.29.4.7.4 ]

el iy 3 ole 4 SIS 4335 L 1 i 1
5 el oo g oled! ozl e bLS)! S &
Pl 395 (alwbid (o5 bl 5o ol slaaly
Sloasly 5l 6 pS—iny Wl oo ol Ol nss
2 s do delol o oS Ll |y gl ,b Cgllasl
GDM 5 ol ams 5 ol slagazle (ol S5

el 00 4.._‘>‘$))

s yb colbo joTNF-a
an Gdeie S cel bl el S TNF-a
£335—29,5 835 5 Sl Thl lacemsis] Conax
Fe—2r sl ol ds—doe 5)l0S 057
] 3 2leS oo o255 alar 5| ol (slos Shac
TNF-0 Lol 005 ags g Sle 5 o waliss |,
SHI,L (V) s oo by Ol 4 eioed g S
aS TNF-0 el o yas olg! oy daams b sl
53 Nlgioe ls Ll (Blar o gl a0 Cueglia L
wils gl (Gl i 3 nedlST o, §GDM
oS sl §) TNF-tt oy ol oo i .ty
TNF- .l s )l5,b e 50 (s okl davly &

bl on i g woboe I8 (Sl (Lo
TNF-0 ]380 (Y0) el Klol> >lgl ,oTNF-a
b b ol (b gl Sanglie Wil oo
(Y9 Cansl L5 yo GDM dinsgi b ol 0l S 5yt
03 55 LS mdled Sl Ly (Shs
9 Ol jgind 18U 5 2y sladshe )3 gl
25 (IRS-1) V- gl 006108 (5l yimgms s Jlad
ools s 35 o g |y Gyl S
Ohes 50 INF-0 o dais el pls (YY) 05— o0
Oedgil d Cmglite o e ISl 0 (5100
b sanl omiz lilie (5 4US 405 55l
G190 50 Gl a4y Cuaglite aFT SIS popbe
(O9 e n S—ile Sz Slaygey9n Lo
U Jgolrl 5 SV p colusl i (g 590l
cbale @iz Oladllas (YA) o)ls & plsn ad oo
I, GDM a5 Moo ,lo )L b5 ;0 TNF-00 g5 o0 )5
] 555505 oy ol o ol b el 05,5 )
09> 5 TNF-a 4" aSilosls ylis lalllas o3
ol a8l o133 Wlos Mo GDM &y a5 ke

http://rjms.iums.ac.ir

1

O 5 sden! 5550

T 5 oloail d Cnglia sl az ;s e (ol eS
3 omib el 4y Caglin el ply $(VF) 015 s
2B Jobe 0 Sdee PLST (S5 conl Soe (Shal>

(V) 3,0 o 5 |, GDM

el 4 Ceoglilo 3 Mg o L
3 05 A elgdl @ Seoglio g Sl o b3
S8, el g YlS Y g9 Cubo 5 S
P 0eb o patie (b 4z STl (b
S Ny o bl ) e e Consy 45
Oli8l b as 8 ulaes 7, GDM cwl (S by
5551 aile el sl JsSge (5 oS o il
3o (L-6) #-.S9d ol g0 (TNF-0) j5055 59,56

OAN) el ous 5,155 GDM slas,ls )b

Solosb cobs yo olgd

O Pl 4 (o)lo,l cidge v oo LA Ay
5 &S Sl aiily oledl as g bl sla el
JL-1B TINF-0 (Y ) 0l i (yeir god g o,

slacnlSsnln 5l (50 C (auSly (59 5IL-6
g 45 095 o0 jgmal s (510, (b e

a5 13 g i Lawdly o IL-6 §TNF-a
g b paizmen 5 01 (ol & Sl
ous ool pd gl 4 Caaglin Silis leie 4 oyl
(o€ 3 g gD SO 0 o Ll pl o]
(ol g badjls i ol asle aw Slals jo
5 ST 0,y iy Ly TNF-at ol (slaclle
%95 bl 9 IL-10 o alS ¢ Shol> 2l
€9= (IL-10) Vo S9d ol (YY) cwl 0090 Lo e
i o lwdl o a S cul plgnls )l ol
d g oS Sy 45 5 s il Syglsiged
shlo g ol (ol s 00068y by g i
ool (YY) el gl a_s s, Slee
L lalgnln glyl iz yo j5lidla g Siwdligds
s oS3l sl Slae Lzl 5 48 a5 e g
iz gl n JSis Ojge o bl 0 ST)L
sl Sl e jobe (455 59,5 4 oy D50
ols Splie Comdy (1Y) wisd  Salgbio ol yeais
ol e e sed 5 0D Sl 60k ss o

V) L5 Feslad Y4 0,5 15jl) i Siijs glealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-19 ]

[ DOR: 20.1001.1.22287043.1401.29.4.7.4 ]

)k s 4 Moe 5 3 el 5 el Jelse 5 Sglie (ol fuly 2 (o859 slacalld 536

Gk 5l Bl 5l ool dgadl 4 Caaglie .l oo
39 o alawlg IL-1B g TNF-a alo> 5l oledl Jolse
Y g9 cabs 4 i Lo 5 3l 0,81 50 (YF)
Lol ;o Lasly St 5l Yool dL-1B mi 5
odd aseiee (YO) wub oo Siol38l deudl 4 ol
Oemmad (YF) 098 oo (—iuli8l ool ¥ g9 ol
J—le g 0l o0 Ll331GDM L 55 o IL-1P
Jloei 4 GDM jo 55 Loss 0 Pzl S e
(YJV) &5)6,0

Solosb cobs yo AL-6) F— S5/ ]

o8 adgi gl So (L-6) £- (S o) 2
bl 59l paddlie (g JB Ol ST Wl
S =l L sladshe 2 L6 Grizeen 030
s oo Gl 1 sl 3 5 )35 oo 3T
5 e G mlsnln SO leie 4 IL-6 (YA)
S Jokw lawgs a5 K0S o o ol 0
Sl 5 (sraal gly TL6 w05 e 5 ol Sl 5T
IL-6 aSJl> j0 S oo SO ,o0 | ol slo STy
ol e Sl b Sl ale g o a5
sl oo ol SHL-10  (IL-1ra) V- S o) 2]
g a2 oo Gl o> ilwg IL-6 .(FA) o)ls
07 OS] izres LS (o0 S 25 ) g
od Jlad SLaS (9 3l W 3=k 1,
= IL-6 Sodend 51aes o il 3 AMP lags
i oLl 69) 2 (b Slalllas jo ()2 bl
(IL-6) #- yuSod il (F) casl oo 0ol cubo g
5o ol Oldllas 09l co Lol GDM aseis ol
=y Sl 00l plosl GDM L IL-6 LLs )l 5 50
9 IL-6 o s (yiol38l o (55l pre LS lalllas
(FV-FY) Llosls LesGDM

Solosb cobo jo (CRP) C (iSTs (i p
slogiiSly 4o gl ,0 (CRP) C (oSl (o859
59 00l oaalin el 4 Cwglie o 4y Sl
cogac ;S5 CRP (FF) sl o il ;5IGDM

VP 5 F oyles (Y4 6,55 5jl) ipSubjs ogle alan

v

I, easl oo olbllas ple (Jlb ] L (YY)
5 iz )0 TNF-a acdgs ialsdl (7)) wo,S5 ol
i 5 GDM & Do 015 )0 ol 5 (22 2L
GDM a5 Jbj L aslie jo i 08 o5 08 4
Jlo Gle—ie a) cwl oa sy ]S o5 4
(oliione 4a 4 .Cowl oo oaalive (oS 909,65
e )b el a5 was o lid Slaslie oyl

oml8l 4 ewly jo TNF-a Ll yiolssl cels GDM
slowl 0 TNF-0 a5 a5 8 0l b eosls cplwylo

SISl plw (V) s 5 5L0 o0 i GDM
plw g b e g mbo olyele ylolye o TNF-a
3 TNF-0 .cwl ool ools 7,5 jlas 1 slas)ls )b
L as )lo,b slocas o Jlie 0 g0l o
Aol oo il 8l wilosgs ol jar iz Al Coogdome
oy 4 Mo Hlo b by ;0 TNF-o clale uslisl (YY)
aalio ;3 ()8l Gegn L YL 95 LAS) (cundS]
YU e i) wijls Sl 9> jLid a5 SL5 L
FSOLis SO lgae 4y wlgs oo TNF-a a5 0o oo yLis
oolaiwl (g I, o YU o5 jLid slae oi o oo
pasc « Sle L TNF-0 oM jobay (\Y) 09
Jo s e LS (BMI) o 0095 el
oo L ol oy <8 ,0 TNF-a adgs (g ,lo L

Jole S5 a1y o as ab o iulj8l ca>TNF-a
Sl cmls g gl an Canglie 595L 50 woe
sloaggeyge aShl o (s 4185 (ol 0SS (oo Jais
Ohed 5o 1) Gelgadl Coilis ool 4 e 0y
a> S1oiS o Gl 4 wies o Juels gl
SomdS 08 9 "Sdglie e S5 TNF-a
ol gV gos cobo b as cul Slag,lo)l jo ol
(Y?c*/\s‘ﬂ) S Olj,o.b Lg)‘bjlf

Sl b cols 4o AL-1B) Ly 1- 5] iis]
GHLE Y £a5 Cals o 095 ud bl 4 IL-1P

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-19 ]

[ DOR: 20.1001.1.22287043.1401.29.4.7.4 ]

I, (AQPI) UJ”_JBST i § C (VEGF C) 8g ¢
oalS 7,05 4 [L-10 odgs « s5l0,L (LG ;o (YO)
an el e Sl sl plignle cdale 5 Wb
Slastin o o ool (FF) LS 9 Lils azas
L-adgs ool (5908 Gl sbml sl (s le
o aolio o b Lo bl o sYLLI0
Sy9—0 4O il 00 odalio s 1 slag,lo)b
Ay 9 (8, o IL-10 ids ¢ o » se,ls,l
o=t B gule SGIL-10 el axg LB Sl
0,93 L)_’l (fla L | 6)‘5)1—3 J_Ali’ 9 REYTS 6‘)’
L;m.a.a U‘ w;‘ VSN OA.\.I_ASUBSIAAJ éjil.o.c ‘ual.‘>
as su_np- G)LM)L’ 9 dw.:) BEEE) 6)L>)Lg L59L§ dw.:) as
e 1) Sl e 55 6010k wgllae s plgae &
(FY) S o0

Sl Colbd S 53 Sipg
0L sl el (610, (sl ot (555
9993 (b9 Dl ped aalsll 9,8 sl Wb losb
Sy 23 Gladesljgiws Wal 51505 5,00,k lye0
S5 oo 4l ) (o> 0)lse (l05lm 5o )9
s a8 35 50 (s5lsm b9 () sl platnos
9 S 25 o5 Obj sl eiog Jld (2 S g @
2 (09 Slacesgaome) (Jeglie (159 (2) 9 3z
698 Sl o3 g2 1y ST b (LS a2 ol
s mSmiin 53 ()59 9 (o Slad (2 85.00T)
ol U el o0 a8 60l 51 2b o lse
O9= s b o Gl el jgitws cnl (>
LSS ol cobs ozl GDM L5 (sl el a5 le
AoV Coedan bleylas wS o dos
DS 8559 O W8 S Sene sl g yiie
Sl o (55 sbadeadygiws (Lo (2l L
Jz a5l ccuns 99290 o> > ,0GDM
GDM (ogate (155 o2 Josdljgins o pol>
IO B 3 S P PP K S P O LIV P R WA A0
aS Sl ools lis Sldllas ¢ cnl Jlo,95 1 (6 YL
L Ug aile )Lid o5 slog i 5l ol o3 gls!
Foglie 9 §ilg— Sl ped aile doy sLag

http://rjms.iums.ac.ir

YA

O 5 sden! 5550

Sladlae .l ol az )0 reje Sloadl g ol Sl
O fmelae lge 4y CRP oS wilools jlas L3
ol 39,0 Jlods 4 (b Jos o Sleadl Sl
Coigae yase i, yole e 00,5 ;0 CRP e
Sob ol &S Sy e Sl Grzren 5 b o
o= 9 09y by S (Gt )3 dLad (w095
00—y u»)‘)_? ul.n.._a:u L5>)’ Ja.,.ay Qiloads w%‘

(YY) el

syl cobo ;o IL-10

3, Sdas ol ccul ailE g S 5elsiga] slas Sles
5 Sl 00 S S o o2 A5 sl Jre ol 4 A8 g0
IL-10 .((min] oo 00058 098 ) ol 0 o0
2 sz b9 0sdee )15 5e) ) poisesyS 5o
slaml Jolas ol s )0 wilgi oo ) Fgegn 4>l
IL- 4 IL-10R1 a>lg ;5 90 51 ) 0s )5 (FO) WS
3 s> gl Jolw o aS ol oal JLSCis 10R2
W9 oo Gl Swdligdy gt adox Sl (95 pe
gy o Jmaio IL-10 (1555, 4 IL-10R1 005 .5
Sl JUKs Jl jLaol £4,8 oguasel L-10R2
Jo—o s 4 cuugig, Jelse ¢ Janus kinases (Jak)
31 o diwd (STAT) cwngig, cauS Jid o JUSow
oasilesdl Jak slaes 3T« 1 0058 4 IL-10 JLas!
9 98300 )8 005 1S (595 2 1y DDA (g9 S
J—aio S50 S5 an STAT 159, 99 e 5 ds
STAT LgLQJA;‘Q ..\45_“4&54 ‘..\.‘>- On_\J)j )‘ 9 ..\JBMGA
e an Lssl jo g oS oo &yl ded 45 s
IL10 o..\...mbt_wl; LgLQQ) ).’5_49).’ dJaL..o )QDNA
Jols SR alisee é;.l§5 3o s cal gylo,b sl
Stz g i 59, » IL-100 0)ls il s LSS
S slacnlsnlo wd 5 55 0l (bl I
A4 .08 o (6,5 9l IFN-y sTNF-a « IL-6 wile
ale>IL-13 g IL-4 L S i jobas IL-10 v, o0
sl olw IL-10 oS oo Joss ) Soudligds 5

V) L5 Feslad Y4 0,5 15jl) i Siijs glealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-19 ]

[ DOR: 20.1001.1.22287043.1401.29.4.7.4 ]

)k s 4 Moe 5 3 el 5 el Jelse 5 Sglie (ol fuly 2 (o859 slacalld 536

392 Ll sl ouds avogs Jlo )b by (sl seglie
oais 4|yl eglie By yod sl (ool Jorlly g

S+ g bl

S5lgp g Soglie (el szl Jold (S 55 G ed
0L Sl S 5 rped Sl el > S 0
(o3> 8 S 3 55sg Jalts GDM. 4y Ml
9 O3 o5 LA 2y 0398 (elgml 4 Cueglia
OF) cel (257 9 (v 0383

o sloceles 00 £ls 5L jo

J—olae Gl bl OlS 1> assls (6 pdyBllasil Sl el
=2 L) Cnglio g Job ¢« (g pdyBllan! slacJlss
oS oz S 5 B sble 0,8 soi il (5 08
Sgge sl algi o Bgy ax STzl ouls aseine
P od eSS g laosr g g9 wid S
(OY) 05 cobs 4 M (YLLS 5

Cobo w Mo ) 40 Wjsg v Syl el
solosb
JyaS glwaigs 6 lo,b cobs 5l cudl e o, laibi]
S 8590 s3ke Slga 5 SIS (555 el 5 93 i3
Gl cnbe J=u8 cwl v, Jb yo e sl
Gl LS Coogamme b agdss (Siy leye Jolss
GDM & Mo o 51 40+ -¥+ 6l Lol loys oS
S ro—e 9 AL 093 56l ailig, Jyus(0F) el
g oo plzil e w8 S Lads gl 13 5l o
Seolawl ag povie b oS 4 olitws puc
o pliie (B39 039381 09-b o0 Smlis wl ulge
Y oo cobo vl cnl e 4355 Sy by
ol 1L sjlaci o3 4 1) sl 5 gl 290
5 o) plaasie Sl el ZI5 (00) WS (5 S ol
4 S GDM 4 Mis U5 a5 el 00,5 apogs oyl
Aol p SO aelol an wol asyls Jled Sy Sew

A1) "isd 31525 65000 slm ead wnl (255

VP 5 F oyles (Y4 6,55 5jl) ipSubjs ogle alan

Y4

o=l (F) wal Sl o iz 5 ol sl Wl o
45 25bion Ao el Lenl 4y az g Ll
plasl aals o, olhes 5o (e JSBl 5l (S
Ao lad Hlas Gil8l L sla b)) alex 5l 09l
Sl ol e o5y (JliSens (Jle plgie ) bsin b
Sedy 4 0dnlsd Cundy Sy 50 B9 ((Seimlion] g
oy ol mle coul (Sew) Jsl anls a5l o
Solo Ml 1 has) olse (o098 Sbis Bo

(YA (i o jled SLSL als 51 56

Sl Sisg sblio
boog)S polas 5,50 &8 > Jold (sjlea (5559
(59,00l aile glacdld ool Dlac S5
oS 2,0 (K S5lg0 (65,51 Adss slaptanns
=l 0 S sy 8 Slae (gl Cunlus (55190
S90S gin 0, Slos a2 oo Giuli8l ) CdB s g g
oalS 1) Cledl g golanST o sl aos o ol
b2l 5,9 0Sles aidu oo dgnte 1) 3950 apd (o0
L 3l slncalled « cal ey (FOAS o S, 0
su.;l; 4_7-)}5& oS ég)coL\.:) &5)).: @M 0093
o5 9 1y ilee s 0ty oo (ST 0 Sy !

(Q*) alidy dgups Hlo,b

oglio i)y sb/je
a9 L (Sl s Juld (5 )08) (Sheglie iy pos
oSl L pu 09«10 = 4y slaoliiiws ol
an) swglin (J08 Ol yed el SV Cglie
s sl (3559 5 (6ol 459 (Jle Olgie
Sheaiis (el g amde iz 9 (Sl (5
Sk 4= Olyi o0 (Seglie Dl yod (e Ll
ST Olyy Sdl (G 3 e Dja8 ¢ o S S
L8 gl 4y Gl (Olyil Sose Slge
55 o)lal Bsye 5 B Cdls 5 o o (0095
sloasy) (eglie sLactsyg oml 2 ogdle (FR)
Ol an porie aled co (Sl glanily § S
Sl yiian @i S0,55 g (SDlas ooy j0 (gashe
) g 59,0,05 jlas Wilg5 oo OMae Cupli 05
s 5l eslaiwl A ST.0V) wilw p Jlos as

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-19 ]

[ DOR: 20.1001.1.22287043.1401.29.4.7.4 ]

8 Lo mSlas ao,o YO-FO jo aads Fe-F-

2 05 98 S vgue Sl (oS 5 L (g900ky
05 2 GDM 592 fals 3 GDM 4 Mo () jloce
(FY) 05 o0 Bl 4 M o)L

isg 4 Gl 4o Sdgilio Ok’ punnilo
Ayl mds SIS sl o astie jae g0 JSlos
S5 ] B0 Ly gl Lot 5
S9-beo JLb (oS g b (AL L (6,505 5 95800
4o (PI3-kinase) ;.S Y Joujen!l bawslaws .(9F)
aS Jlo ooyl id el gl Jed i
40 (AMPK) AMP L oui Jld LS sy o
DS o S i il L eas Jlad sl STy
(gl Jamngs 00l S48 (95 (9amdl 9
15 5LS PI3 e Jleb 5 (IRS) 00 1o (6l g
0ol SGDM  a s M oo oSl oM_ac
Rl () Wlgiee G0))9 «nlple (FOML o
30 Ol gl JUKw JLal o Pzt sl e e slp
e S cdled S el oo ol e Odlac
3,8l 1o SIS ozt g pdgudl 0 ,Sles 0 el
Sl Fese Glapaailoo 952 oo (1L Glle
3o gl Sl 9 555 5 il S 05
slamzl 5 Loty colld 5 glo Gl 4 G555
=7 pedglio 5 (ISl SIS L s e SCUSw
« (GLUTA) ¥ 35505 U p 295! 5igm ol Loga o
bt sl 3 il e 5515 5 ol 5]
GLUT4 sl38l.(PF) wuby oo ial38l (g 5o b calac
(FV) Sl oo o,158 o ped Sl Lol by o
PGC-) pyamS 51 eSS 00iiS Jlad V- Wl 5058
L)l g 2byoS g 39 S 28 1 edle (la
shlo as )5 go 5l oS 5 S a4 OMace g3kl
S 355 e glie g i glonST o3,
Ly oS o Sy 5 |, GLUTA by el (6208
Ol sl SIS 53 3559 5 (5L St «Je !
S9ae GLUT4 (559 b iolid) an | asis
3 5 5 o s s o o S 1) a5
Sl 0l alie pdgudl sl J 7S L ol 3

http://rjms.iums.ac.ir

O 5 sden! 5550

Gl 08,5 lpiin 16 0l Cobs roseil csline jgboas
S aelol b g5 sl g9)ls Brae e b U &S
Sl Gleys 5l cide lgie 4y lawgie o059 asliy
Aol ol 3525 L 0) "wigd e a9 ()00
i 0am S SelS ladllas 51 Sl olass e
o=l J S oy L oS 5 50 a8 ) plate (355
= Sl by J S 50 sl oo solaiul
s e e 5 (oS Slaw Sliglegl 15T wiles,S
509,5 b Cd paw adlo an o 1) (gL zabs
Jeoos L o (05 Sy 2olad slaaels Sl
POV Loy sl Lawgio b o8 o b o los o9
syl el gl asloas plowil e jo 59, ¥ car o
5 Celoadl jladie (Gleys (ol LS Jald o
IS CBle e oyt a8 S sl il
3 i o 35515 (sl o3l syl 5 20
a3 ge Glds Slalllas 395 go by )5S rglS gan
S0k Jsb 5o plaie jsbay a5 GDM 4y Mie ()L
caae )0 59, V-V) Wo S ES il g9 sleasl p o
30 ot bl (ad> ;o 0 @i do -V Sow
039) Oz 9 B Sl ey (95 a8 g AL (95 WS
o) San 5 Slgn (05-0%) axt_sls (Vg plSin oS
5 09> S5 e ilen (s 45 W08 Sleiiny
GDM Sire ;5 ;5 136 51 dmy ey j5KS (erslSpon
5 S3ls2 red b (Soglie (B9 9 wB3 o0 2,
395 5% Az R el 4 e (S 5 (Seslie
Ol L plasys cod G5 5 edsdl 55 9590
O3 SIS (oS5 A9 g 398 o0 GDM

Lo y50,92 (OF) a2 oo Gl STy la ¢ 5la s
Lot S e 5 g ilen 5 O3l (3
asllae SO o wiwd gyl jo dgudl 4 Cglie
= e Seglie 1y ped a5 Cawl oald coly lias
2 S Y Rl g gyl phals el )l
S5 Jood 05ute (P )09 0 GDM 4 D (1L
o 6oL peo sanle 4w 0 (GDM a4 M (L
asllae S5y (F)) Sl oas 5155 (g5lar s ped
3 Sl Sl pei b anlie o Sloglie DLy ol 5
Ob5 5 dgmdl 4 Cuaglie 9 LU Sl mlan 2alS
5529 56Tk s (BY) 541 5 50 GDM 4y Sio

Gde 4 438D 10 b)) 510 aw a5 aes e lis 3

V) L5 Feslad Y4 0,5 15jl) i Siijs glealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-19 ]

[ DOR: 20.1001.1.22287043.1401.29.4.7.4 ]

)k s 4 Moe 5 3 el 5 el Jelse 5 Sglie (ol fuly 2 (o859 slacalld 536

35— ol y o dsalllas ;o 0uisS &S ,5 YAY Lo o 5
sllas cpl ahaie coale Lo & o Jl> cpl b (YY)
s s JmBCRP sy Sy cdled 56
Cdled o vsSe blo )l Sldllas (S5 (e
5o Slesls ol |, GDM b L ;0 CRP 4 gu
Sl yod S 5 (275 09,5 (e 5 (oS0 alllas
P e R S e R R T ST
Lol yor (audz ;2 0 aado Fr) aan b Sue 4 aan
Sl 0,5 cdl e Sip g pldd ), Ol
L ol 5 (S oMl Ladd 508 095 a5
polie (IS @ (5559 508 S8l s Cndy (35
Sl M Bhle o € iy (2STs (g
S e ool b 4zl ol (V) 0,5 SaS (5,lo,L
L) ol Blas a5 Sos glacdles o plase
Ao oo Lis 1) GDM. as Mis ()15 50 S o8 oS
CRP ol 2 ol (50 (5555 457 (b0 il
Som Cedled s atrin S o 40 0,050 506
plwloblyl sk, CRP el ;) Sew
s e 3l cos Sl ws g i sl pSele
aile oleadl L lopplanle joss b JSoy codlsd
So,25 1) CRP udgs &S cuwl Las 1o IL-6 g TNA-a
xed LS (o0
Lye IL-10 g IL-1 asle Sleadl oo slacplS ol
= 33l 50 (VF)asS o Jlee |) CRP 0y a5 ol
P oSl L o5 o sl AL
355 5 (BMI) ¢y 0055 (s sil5-31 L(IL-6)
S= olgie 4 pBsle ol g cl s e % (22
b Bl 5l (A0 b 4253 eie Sl ogilly adanils
30 .(VY) cwl oo el el ay Coglin
00,5 wauii 1) ydgadl 4y Caaglio IL-6 i 5 (5,0,
Cewl ools lias Sldllas o jls us5 GDM 555436 40 4
¢ 6,00 pew aalban b o GDM L L as
o= = ol ol 8l L alie o IL-6 clale
aily Gl gl 5l S oy o0y el s
ALl glhls 45 FF (69, 45 bz jo (VA) el
@ by y0 Sl cabs jlas o yme jo S5 03
4 Somle il plonil ol B bawgie (o859 <ollad
3518 IL10 4 (IL) 65530201 33 e oy
Oy ez IL-1Bs (TNF) -0 j9095 59,

—s L o e s

VP 5 F oyles (Y4 6,55 5jl) ipSubjs ogle alan

€y

Ohylews o |y, mRNA § GLUTE 5, 5,9 45
0 1S Ly Sl ]38l s o a8l ubo
Ol gl el Jlays ad> 10 )0 05 4« (el
S 9dS s GLUT4 lsul> 4o e asPI3-kinase
o9 FMEl (ol pailSie 09 o0 (B ras
so=Jls sLS Akt 160 (gl usgu 9 C (aPKC) LS
Oy 9] SIS sla g0 Lo 5I(AS160)
Olg—e am asl al s o > 5 AST60 o
S e e GLUT4 Uil (gl 00 o5k oSy
Akt 5l oolaiwl L 1) AST60 ygwdls jgind pdgud
JUESl sloslang) (alfl 4 jomie a5 S (oo S0 25
B SlapnilSie (F) 55-5 o GLUT4 sLié
s iy josd GLUT4 Jlawl a8 ,0aPKC
Akt Sljlae 4 a8 ol 151 S oo )l58 S0 L
22 9 2ol 0y, 9 e aPKC (g5Lw Jlsb
S92 LDy slie 4 GLUTE  _bgzmen | Jlasl
5155 Geda—ail 5l 5o ool Sless (V)
iy lasie A=Y o)90 Sl ey (s w8 S
3 Jlie Glgie 40,10 0929 g b0, ST anle aw o
Moo Jlo)b 05U )0 )5 £y (o ped dha A2 (o
5 Ll 355l ¢ b 5955 (sl g o « GDM 4
aalllae ;o (V) cowl adl als Lodl ;o celu
@ w23, Oleys 4 a5 GDM. (ke (55, 2 5,50
VO2max / /0¢) Oy amad A ¢ 0ied cod gl
Odg—il a5l (g Ty (5 w8 (aie o b e
30 U059 45 Sl ot (YY) 0,5 Lad> glsyo
iS58 plice 156 Wilgi b 09 plosl Gae SYsb

20 s e Sl 5 ] Jolse gl
Syl cobo 4 Mo 4L

5 Loy yo ol slopSanle mhaw (o alal;
a8 5 )13 oy 9550 GDM & dis (315 50 (5559
5 =S Db b GB559 w9 Sude LI CRP mhas

3,00 09 >g waSre LL I ol LSy ,oCRP
Ol 0 Limlidl aado Yo ¢ addllas Gy (VYLYY)
anlo dw )0 0S5 Cab b S a0l B0
Ol CRP mhaw o o 008 (oo F L)k poo

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-19 ]

[ DOR: 20.1001.1.22287043.1401.29.4.7.4 ]

Slasdlas o (YA) cul bad o 6,00,L 5o dgudl &
5 e gilie b SOLis (59, = 1) (3559 2,51 aS
P INF-a chale .cwlos, 5 Sb5l s lo,b olye0
o35 Ly 5 0 6 ool b JS o 035
o=l e S aslie Jlad g Jlad,e )L o
Ol 5l (=30 plaie 035 Jmemd (5559 cols)]
uﬁ)m ‘) kfil"’b B o sdwlie TNF-a L Jj.o.m
TNF-a ;o jss a5 0035 a ol lidze 0,5
=il gl dn Coglin o 5l ganled Wlgs o
oliazes lawgs 03,9 5l <0 TNF-0 &l (AY)
Sl oals 5,155 o) e g lo, b o 500
S, Gue U gl addllas o cpioan (AYAY)

SIo)bs posia atin 5l (L3559 Hlejen (S pe asliy
asin ;9) e slacplstle g, 2 oloaly oley U
095 (Ol pLSi2 5 5505k s 9 (o g pa0die
So ol ples U 6)lo)b posia atis 5l (o o5
aan ;0 59, Vo glaado £ (5len — Soglin) y yad
2l Glpsle prw 5o 1) TNF-00 (3555 058 ,5 JLis |,
5 (Olasly ple) jols TL-1B o o g 0ls
Sl halS (a8 (0559 50 S-S 095 L anlie
Oloip® (s yod sl sl ool wl as ol Ly
slogly Jooas 6l 31l S sl o (o559
Le a8l gaaome j0 (AT) 0l ol b5 ,o sl
o5 5o Sam slacldles o plai s oS lin Coeal
e b Sy cudled wes o lis | GDM &, M
LU 5o el s 5 ol w0 oSl
GDM a5 dwe b5 5o Sl als 4 yoxie g ol
Hl—on b gy Ol az 51055 oo
3 ol g Lledl Jslos (25555 slacdlad

ol 515 8,90 GDM & Mo 0

lo’

09 9 2l w5y Sl p e b diogi o e

Sl syl Oleyd 5 55y sl 4T (sl
Oly—e an Vg ano Cobd as slag,ls el (55ls )L
Lo Yzl wias o oolitl il leys ool
S ay by o gl amogi Ly () lan o5 cdblge

http://rjms.iums.ac.ir

&y

O 5 sden! 5550

=5 o3l gl g SIS whans 5 €y 25Ty
Slld i mhaw b b o bagnlgnle den ol
Aoy YL ghlob aan VO o el U bhwgie S
b 5 ol odeesl Jol 56 &b b SYLIL-6

S S Selsd ol b U o IL-1B sTNF-00 g
sl o3 Jbd 005 b anglie 1 (Gl TLo6 gxlans L)
Ohgs o IL-1B g TNF-a ioli8l ool gelais
3 Ol sla bl 5o (e Dl b sk
o oo (550, blsl o 05" (G Cdled lie b L5
Ol b 0B 50 esd (g b ot Dl s b Lol 0
LCRP 55 Lo 00l B lawgie Sy odled (oYL
4 W3,8 ol Gliiore 0925 o o (S Sllad ol
o Sl b 20l U lasgie (0,5 codlad LS
(9> B) Cowl o Jol 58 (rdgms] Gl 5 g
S L gl cnl 1 wod alauly IL-6 lawgs
IL-6 «xBlg )3 (V) 09— Lad yo gl Jol 56 by
05> OB )3 (s b &S Sl (R gule (ol
Sl el a Gl o Ol s 5 99300 ]
by IS alae oLl s mRNA IL-6 .ol oo
b 5 IL-6 05 (cmagis) Oliee 5 958 o0 (Sl
312 Gl ol oo B (B350 b )l (e
P S leas oop 5 L lendly IL-6 55 ()5
Db oy 4y g D (95 b uizmed 9 (D)9 Sullad
Sdgi L6 (3355 (b (1) Sl Lo e (59
b S8 Bpae ams oo GBS SIS
S9—is o was bawgi IL-6 adgi (ials el (5559
O59SlS o yrals cde 4 IL-6 vas oo lis a5
Sipl Sy Lilee 5 (alil (355 Jsbo 50
AS s il Gl L6 () (cmgis)
SDae b sl pLEI LIL-6 b oo ialsdl
S el 5 35S0 il 5 g IS
oo TL-10 alaz 3l olgl 0s glalSsnbe
SIL-10 5 TL-6 —gl33l wulass asy oo ol o
o0 oJgi TL6 (YA) 5955 o 555 51 St Lawsdly
Oelgel 4 Sl 350 b (Gae sla ol lavgs
b I YL TL10 pioran ol o o Sl
adox 5l ool G o b slw gl a8
39 gl d ol 39— L IL-1B gTNF-a
5 55515 G e Lials el TL-1B 0 bl | oyl

V) L5 Feslad Y4 0,5 15jl) i Siijs glealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-19 ]

[ DOR: 20.1001.1.22287043.1401.29.4.7.4 ]

)k s 4 Moe 5 3 el 5 el Jelse 5 Sglie (ol fuly 2 (o859 slacalld 536

39 clie )3 ams gad a5 ) Gl 4y Casglie
Sl b« alie o b SIS S
3 eslaial aaly 815 sl L5l 35515 s
Sl 1y el (sl (3,3 oz (sl
Oly gz Olac a il « 5 SMlac e
Sl Jole (p (B+) widu oo dgue | oS B ran
5 e 35S Gty gl 4 ol Syt
iy | oy el VY U5 95 35508 o als
Srae Sl Ol Gemzren (A)) 35800 (355
azym 0, S (oa B oyl Db g ke il o
Sl g8 9 a8 pals Slaadl Joaad (5))
Olyms L as el sl g5l0,b o 3,k 51 .(AY)
sl asli o)l plplo cul ol oa oLl
Iy ol cnls ol das aliles o aS Sleiign
gl GDM a0 M 5 ccul ppo a0 talS
el gl S ams e ot (s
9309 e (5,0, Callasl slavels ol cé iy
S ebibbre gl as 51 5k 5l el (S
95 Bl (o i ()9 45 Sewl ol ative
sl il e co S 1y g bl cobs &l las
el ials s 4 s I, 0l 5 s
aloac )0 59 d5 S cel (3555 . (AT) il (o
oyl s 5 gm gl 31 St IS
g Sl LS 990 (cemnlS Lad> (6l (5 7S
Jload g sl plSanluw lawsi ol oyl Sy 0
Gl Al oo pnilSe 93 2090 )l 8  alae
oanlie 5 Jlsb 05,0 85 1, 5 ol Jo1 36 ol
oo bl sl el aies Zuds (ol oo
aals (lgusl [ SIS jemme o (ablone (L2E Co
alsl glls o)l oy a |y mds ol g (F9) ol
L 039 @lal hlo (b; o ga (258 (Sl 9 059
el gnzy Gl L GDM s e 3 Sl
s Bl as Uy jo s axlge g ylo L ST
S0k G 9 =B 9 0955 GDM jlas (5500 50
e G ozt s S (0 4559
o=l AY) Sl ST (8555 9o 0L L awmlie
(39 bl Jdo s lajl )by aS o ls gy Lo
el G Canog (S salie Slasin g BMI
s Lol ly 5 sl e o5 ably 2505 5575

VP 5 F oyles (Y4 6,55 5jl) ipSubjs ogle alan

¢y

b sl b sl Sy W) 5 ol (S
G509 55 walyd aslllas cnl g, e il . S3elssl
» dlans s Sl Jelgs 5 Sglie slagwly 2
ol A5 (0 00l (5155 1) GDM a4 dse )L
i Sete | il 5 (S plaaie 65
S9-dise dmosi (S,I0)L 9S50 h))s 4z S ogdle
Sys= 5 (s=S Wled ((omled Sleedy g sbiiul 4)
(55,00 wle) (55lsp (yezmen (3559 E55 (09 e
(o L sregbio (ST 5o (555 Ly ol a5 20
Ot emlie 3590 )3 uigred 1310 0929 (oS
St az 813l 0p 2y L GLET 559 ©ud
Lol caisS oo oy |y Jawgio o b (55,9 Olalllas
Mo (U5 53 comlio (259 oy 2 (Fe sualsd
o s 5l Jols anlsd ol 9525 GDM
Oy 9559 45 s o Lt oad ]S (Solas
J=B =S olailbinl slacdlye ol JoSo S
g ditu e Spte 1) (oS (10 12 Slan s
#elS GDM s de (LS5 sl |, Ll (95 w3
L1as 5lam (595 395 b el (AB-AA) o3
et Grizes Lasl olpen (Slal> 5l jeST 5l
S oS el gl 0iS (oo ()9 45 o0l 8l (sl B
oilaslas (8559 crlploe (APAR) 598 o0 92
Mg oo 5 Col Fgo (grmb (conclS Lad> 55 (gl
@l ol sl aste Sbeys dsadl a5l &8, )0
il oaims (Las 1) i g (b LS
3 09> S5 ol mhaw alS 4 SeS 6l )
o310l 1, (oo ¥ L5 Y) (y aid e Vb J S
Sote Sely )5 Sy o0 L5 A g WS o0 515
ris S (AVAR) 5535 o a SYsb ,sHbAC
Olse ar 5559 5l Colem (6l Jgd BB (Sl
OL55 3 eodlS J5S v sl Sleys JoSe S
it oms, sl ax 31015 3529 GDM & M
o el L (gl GDM 3ol g pyie ol
Sl Gtz g j0le @l (iludinge 9 188 5 G 95
Ui 48 aims e s lallas Jis ol s e
w35 L GDM L o6 51 ¥R 50 16 5l amy gamenlS
A e Cped [ S (A0) 39 b Lad> Slejo
(elgesl 2975 358 o0 Gl gdl 22975 5 (ool e

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-19 ]

[ DOR: 20.1001.1.22287043.1401.29.4.7.4 ]

a5y el Coanl 353 o dnog nlple

b Sl Grals g Sdglie bl l 0oy jslate
S5 8 axgs 0550 s)lo,l 2ol

PES

oylos Uy ol olay 5 oS Ly o o
5 Al g Gppom 0d alosl IRCT=2014031717035
SSen ol 3o plowl jo aS (g0l 8l als
D9 oo (SI9,08 5 ST dilesens waiiils

References

1. Hopkins SA, Artal R. The role of exercise in
reducing the risks of gestational diabetes mellitus.
Womens Health (Lond). 2013;9(6):569-81.

2. Chu SY, Callaghan WM, Kim SY. Maternal
obesity and risk of gestational diabetes mellitus.
Diabetes Care. 2007; 30(8): 2070-2076.

3. Saravanan P. Gestational diabetes: Opportunities
for improving maternal and child health. Lancet.
Diabetes Endocrinol. 2020; 8:793-800.

4. Chen P, Wang S, Ji J, Ge A, Chen C, Zhu Y, et
al. Risk factors and management of gestational
diabetes. Cell Biochem Biophys. 2015;71(2):689-94.

5. American Diabetes Association Management of
diabetes in pregnancy Diabetes Care, 2015; 38 (1):
77-S79

6. Catalano P. Trying to understand gestational
diabetes. Diabetic Medicine, 2014; 31(3): 273-281

7. Skajaa GO, Fuglsang J, Knorr S, Moller N,
Ovesen P, Kampmann U. Changes in insulin
sensitivity and insulin secretion during pregnancy
and post-partum in women with gestational diabetes.
BMJ Open Diabetes Res Care. 2020;8(2):e001728.

8. Abell SK, De Courten B, Boyle JA, Teede HJ.
Inflammatory and Other Biomarkers: Role in
Pathophysiology and Prediction of Gestational
Diabetes Mellitus. Int J Mol Sci. 2015;16(16):13442—
13473.

9. Baz B, Riveline JP, Gautier JF. Endocrinology of
Pregnancy: Gestational diabetes mellitus: definition,
aetiological and clinical aspects. Eur J Endocrinol.
2016;174(2): 43-51.

10. Cawthorn WP, Sethi JK. TNF-alpha and
adipocyte biology. FEBS Lett. 2008;582(1):117-31.

11. Chiefari E, Arcidiacono B, Foti D, Brunetti A.
Gestational diabetes mellitus: an updated overview. J
Endocrinol Invest. 2017 Sep;40(9):899-909.

12. Dempsey JC, Butler CL, Williams MA. No
need for a pregnant pause: physical activity may

http://rjms.iums.ac.ir

€¢

O 5 sden! 5550

S Sy o0 S A ggeme ;o 0 10K )-*-’l* O®309
e g5 leled ) @le Slislojl o (35 a5
2 okl als s Sgbie Lyl d 050 Caz 5559
J—ol> i ¢ Jb (I b 0gi o0 GDM 4 e b5
sloaslp 590y a5 aas o lis Slislejl ol
GDM 4y e 055 sl (Soglite 5 55190 (22 703
L lvgio God b aS slobe iy oo Hla5 4y g
oLl Lawaado Ve BV Sowed i
9o 4SS e S obnl gl g plool asan
G Sl Gl Ll 5 o by SIS Sy
539 45 e 5 a0 ol (ol ipe (ol
S99 s pdmgSllasil 559 £95 50 il alive o)l
el o03,9 lodsliy 0gd oo Casly yol (pl o)ls
Blebl 4 sl Ko aS g pudais 03 Sl 5 L
S35 4l g e IS ek ST SS9 &
2 abine jsbay (oS 5 b Seslie g 5jlse 55,9 45
Mo 55 55 Sl RIS 5 (95 458 5 550ty
slaShy A jlas (byd 4 cwl jgo GDM 4
o939 Sl ol san ] Sldlas Locil alie 'y yod
S i )3 (36 g3 S35l sl L ol e
5 Snlie ol (0 luliwl 4oy -cudl o)
L GDM Mo o5 50 leillas 5 el Julse
|, adslae o 50 asllas olalllas wus b,
3 anbioad 5sd (el Dad 5 o8 g LS At

Dlsiege w0t plail lalliae 31 ool b5 5 |
s lie oud plodl wlalllas pioy a5 CsS
Sl cale giluane (95 B 5 Sone Suex
9 4l 355U GmslSgan mhaw ialS (ydgudl 5 L
=239 sloacdld oran aslesls LiIGDM
4o e o)l b5 5k 0590 rdsadl GralS 4 yxie
GDM . Mo Sl b5 5o oledlos slopunilSe
slacdld (o plaie o8 Lise Moix| () plo L0sd o0
Sglie Ll sguge Sl Wil oo Soglin 5 (s5len
S GDM a e Hlo, 65,0 Olgdl als

V) L5 Feslad Y4 0,5 15jl) i Siijs glealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-19 ]

[ DOR: 20.1001.1.22287043.1401.29.4.7.4 ]

reduce the occurrence of gestational diabetes mellitus
and preeclampsia. Exerc Sport Sci Rev.
2005;33(3):141-9.

13. Physical activity and exercise during pregnancy
and the postpartum period: ACOG committee
opinion, number 804. Obstet. Gynecol. 2020; 135:
e178—-¢188.

14. Catalano, PM, Tyzbir, ED, Roman, NM, Amini,
SB, Sims, EA. Longitudinal changes in insulin
release and insulin resistance in nonobese pregnant
women. Am. J. Obstetr. Gynecol. 1991; 165(6 1),
1667-1672.

15. Barbour LA, McCurdy CE, Hernandez TL,
Kirwan JP, Catalano PM, Friedman JE. Cellular
mechanisms for insulin resistance in normal
pregnancy and gestational diabetes. Diabetes Care.
2007; (2), 112—-119.

16. Catalano, PM, Huston, L, Amini, SB, Kalhan,
SC. Longitudinal changes in glucose metabolism
during pregnancy in obese women with normal
glucose tolerance and gestational diabetes mellitus.
Am. J. Obstetr. Gynecol. 1999; 180:903-916.

17. Metzger BE, Buchanan TA, Coustan DR.
Summary and recommendations of the Fifth
International Workshop-Conference on Gestational
Diabetes Mellitus. Diabetes Care 2007; 30(2):251—
260.

18. Korkmazer E, Solak N. Correlation between
inflammatory markers and insulin resistance in
pregnancy J Obstet Gynaecol, 2015; 35:142-145

19. Nergiz S, Altinkaya 08, Kiiciik M, Yiiksel H,
Sezer SD, Kurt Omiirlii i, et al. Circulating galanin
and IL-6 concentrations in gestational diabetes
mellitus. Gynecol Endocrinol. 2014 Mar;30(3):236-
40.

20. Krishnaveni GV, Veena SR, Jones A,
Srinivasan K, Osmond C, Karat SC, et al. Exposure
to maternal gestational diabetes is associated with
higher cardiovascular responses to stress in
adolescent indians. J Clin Endocrinol Metab.
2015;100(3):986-93.

21. Larrabure-Torrealva GT, Martinez S, Luque-
Fernandez MA, Sanchez SE, Mascaro PA, Ingar H, et
al. Prevalence and risk factors of gestational diabetes
mellitus: findings from a universal screening
feasibility program in Lima, Peru. BMC Pregnancy
Childbirth. 2018 18;18(1):303.

22. Plows JF, Stanley JL, Baker PN, Reynolds CM,
Vickers MH. The Pathophysiology of Gestational
Diabetes Mellitus. Int J Mol Sci. 2018;19(11):3342.

23. Patial S, Parameswaran N. Tumor necrosis
factor-a signaling in macrophages. Critical Reviews
in Eukaryotic Gene Expression. 2010;20(2):87-103

24. Moller DE. Potential role of TNF-a in the
pathogenesis of insulin resistance and type 2
diabetes. Trends in Endocrinology and Metabolism.
2000;11(6):212-217.

25. Coughlan MT, Oliva K, Georgiou HM,

Yo

O 5 sden! 5550

Permezel JMH, Rice GE. Glucose-induced release of
tumour necrosis factor-alpha from human placental
and adipose tissues in gestational diabetes mellitus.
Diabetic Medicine. 2001;18(11):921-927.

26. Rui L, Aguirre V, Kim JK, Shulman GI, Lee A,
Corbould A, et al. Insulin/IGF-1 and TNF-alpha
stimulate phosphorylation of IRS-1 at inhibitory
Ser307 wvia distinct pathways. J Clin Invest.
2001;107(2):181-9.

27. Kirwan JP, Hauguel-De Mouzon S, Lepercq J,
Challier JC, Huston-Presley L, Friedman JE, et al.
TNF-alpha is a predictor of insulin resistance in
human pregnancy. Diabetes. 2002;51(7):2207-13.

28. Altinova AE, Toruner F, Bozkurt N, Bukan N,
Karakoc A, Yetkin I, et al. Circulating concentrations
of adiponectin and tumor necrosis factor-alpha in
gestational diabetes mellitus. Gynecol Endocrinol.
2007;23(3):161-5.

29. Gao XL, Yang HX, Zhao Y. Variations of
tumor necrosis factor-a, leptin and adiponectin in
mid-trimester of gestational diabetes mellitus.
Chinese Medical Journal. 2008;121(8):701-705

30. Montazeri S, Nalliah S, Radhakrishnan AK.
Association between polymorphisms in human tumor
necrosis factor-alpha (-308) and -beta (252) genes
and development of gestational diabetes mellitus.
Diabetes  Research and  Clinical  Practice.
2010;88(2):139-145.

31. Holcberg G, Huleihel M, Sapir O, Katz M,
Tsadkin M, Furman B, et al. Increased production of
tumor necrosis factor-alpha TNF-alpha by IUGR
human placentae. Eur J Obstet Gynecol Reprod Biol.
2001;94(1):69-72

32. Peragoli JC, Rudge MVC, Peracoli MTS.
Tumor necrosis factor-alpha in gestation and
puerperium of women with gestational hypertension
and  pre-eclampsia.  American  Journal  of
Reproductive Immunology. 2007;57(3):177-185

33. Vandanmagsar B, Youm YH, Ravussin A,
Galgani JE, Stadler K, Mynatt RL, et al. The NLRP3
inflammasome instigates obesity-induced
inflammation and insulin resistance. Nat Med. 2011
Feb;17(2):179-88.

34.Bing C. Is interleukin-lbeta a culprit in
macrophage-adipocyte  crosstalk  in  obesity?
Adipocyte. 2015; 4:149—-152.

35. Boni-Schnetzler M, Thorne J, Parnaud G,
Marselli L, Ehses JA, Kerr-Conte J, et al. Increased
interleukin (IL)-1beta messenger ribonucleic acid
expression in beta -cells of individuals with type 2
diabetes and regulation of IL-1beta in human islets
by glucose and autostimulation. J Clin Endocrinol
Metab. 2008;93(10):4065-74.

36. Ngala RA, Fondjo LA, Gmagna P, Ghartey FN,
Awe MA. Placental peptides metabolism and
maternal factors as predictors of risk of gestational
diabetes in pregnant women. A case-control study.
PLoS One. 2017;12: 0181613


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-19 ]

[ DOR: 20.1001.1.22287043.1401.29.4.7.4 ]

37.Suzuki T, Imai J, Yamada T, Ishigaki Y,
Kaneko K, Uno K, et al. Interleukin-6 enhances
glucose-stimulated insulin secretion from pancreatic
beta-cells: potential involvement of the PLC-IP3-
dependent pathway. Diabetes. 2011;60(2):537-47.

38. Febbraio MA, Pedersen BK. Contraction-
induced myokine production and release: is skeletal
muscle an endocrine organ? Exerc Sport Sci Rev.
2005;33(3):114-9.

39. Petersen EW, Carey AL, Sacchetti M, Steinberg
GR, Macaulay SL, Febbraio MA, et al. Acute IL-6
treatment increases fatty acid turnover in elderly
humans in vivo and in tissue culture in vitro. Am J
Physiol Endocrinol Metab. 2005;288(1): 155-62.

40. Siddiqui S, Waghdhare S, Goel C, Panda M,
Soneja H, Sundar J, et al. Augmentation of IL-6
production contributes to development of gestational
diabetes mellitus: an Indian study. Diabetes Metab
Syndr 2019; 13:895-9.

41. Sudharshana Murthy KA, Bhandiwada A,
Chandan SL, Gowda SL, Sindhusree G. Evaluation
of oxidative stress and proinflammatory cytokines in
gestational diabetes mellitus and their correlation
with pregnancy outcome. Indian J Endocrinol Metab
2018; 22:79-84.

42. Yang Y, Liu L, Liu B, Li Q, Wang Z, Fan S, et
al. Functional Defects of Regulatory T Cell Through
Interleukin 10 Mediated Mechanism in the Induction
of Gestational Diabetes Mellitus. DNA Cell Biol.
2018;37(3):278-285.

43. Denney JM, Nelson EL, Wadhwa PD, Waters
TP, Mathew L, Chung EK, et al. Longitudinal
modulation of immune system cytokine profile
during pregnancy. Cytokine. 2011;53(2):170-7.

44, Thaxton JE, Sharma S. Interleukin-10: a multi-
faceted agent of pregnancy. American Journal of
Reproductive Immunology. 2010;63(6):482—491

45.Hanna N, Hanna I, Hleb M, Wagner E,
Dougherty J, Balkundi D, et al. Gestational age-
dependent expression of IL-10 and its receptor in
human placental tissues and isolated
cytotrophoblasts. J Immunol. 2000;164(11):5721-8.

46. Wu MY, Chen HF, Chen SU, Chao KH, Yang
YS, Ho HN. Increase in the production of
interleukin-10 early after implantation is related to
the success of pregnancy. American Journal of
Reproductive Immunology. 2001;46(6):386—392

47. Artal R, O’Toole M. Guidelines of the
American College of Obstetricians and Gynecologists
for exercise during pregnancy and the postpartum
period. Br J Sports Med. 2003; 37:6—12

48. Garber CE, Blissmer B, Deschenes MR.
American College of Sports Medicine. American
College of Sports Medicine position stand. Quantity
and quality of exercise for developing and
maintaining cardiorespiratory, musculoskeletal, and
neuromotor fitness in apparently healthy adults:
guidance for prescribing exercise. Med Sci Sports

http://rjms.iums.ac.ir

|

O 5 sden! 5550

Exerc 2011; 43:1334-1359.

49. Santos JM, Ribeiro SB, Gaya AR, Appell HJ,
Duarte JA. Skeletal muscle pathways of contraction-
enhanced glucose uptake. Int J Sports Med.
2008;29(10):785-94.

50. Berghella V. Saccone, G. Exercise in
pregnancy! Am. J. Obstet. Gynecol. 2017; 216: 335—
337.

51. Huang X, Huang J, Wu J, Li M, Yang Z, Liu L,
Lin T, Lan Y, Chen K. Different exercises for
pregnant women with gestational diabetes: a meta-
analysis of randomized controlled trials. J Sports
Med Phys Fit. 2020 Mar;60(3):464-471.

52. Innes KE, Selfe TK. Yoga for adults with type
2 diabetes: a systematic review of controlled trials. J
Diabetes Res 2016; 2016:6979370

53. Langer O. Maternal glycemic criteria for insulin
therapy in gestational diabetes mellitus. Diabetes
Care. 1998; 21(2): 91-98.

54. Colberg SR, Sigal RJ, Fernhall B. Exercise and
Type 2 diabetes: the American College of Sports
Medicine and the American Diabetes Association:
joint position statement executive summary. Diabetes
Care. 2010; 33(12): 2692-2696.

55. Barakat R, Pelacz M, Cordero Y, Perales M,
Lopez C, Coteron J, Mottola MF. Exercise during
pregnancy protects against hypertension and
macrosomia: randomized clinical trial. Am J Obstet
Gynecol. 2016;214(5):649.e1-8.

56. Peters TM, Brazeau AS. Exercise in pregnant
women with diabetes. Curr Diab Rep. 2019; 19:80.

57. Laredo-Aguilera JA, Gallardo-Bravo M,
Rabanales-Sotos JA, Cobo-Cuenca AI, Carmona-
Torres JM. Physical Activity Programs during
Pregnancy Are Effective for the Control of
Gestational Diabetes Mellitus. Int J Environ Res
Public Health. 2020;17(17):6151.

58. Dipietro L, Evenson KR, Bloodgood B, Sprow
K, Troiano RP, Piercy KL, et al. PHYSICAL
ACTIVITY GUIDELINES ADVISORY
COMMITTEE. Benefits of Physical Activity during
Pregnancy and Postpartum: An Umbrella Review.
Med Sci Sports Exerc. 2019;51(6):1292-1302.

59. Hosseini S.A, Kazemi N, Ahmadi M, Esmail
Zadeh F, Azarbayjani M.A. The Effect of Resistance
Training on Sex Hormones of Women with
Gestational Diabetes. Health Education and Health
Promotion. 2020;8(2):95-99.

60. Hosseini A, Rezvanipour F, Kazemi N, Salehi
O, Kasracian M. The Effect of six weeks aqua
training in second trimester of pregnancy on visfatin
and glucose tolerance of gestational diabetic women.
ijdld. 2018; 17 (1) :23-30

61. Kazemi N, Kordi M, Noori R, Kasraian M. The
Effect of Aerobic and Resistance Training Program
on Fasting Blood Sugar Levels and Insulin in Women
with Gestational Diabetes. Armaghane danesh. 2016;
21 (3) :249-264

V) L5 Feslad Y4 0,5 15jl) i Siijs glealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-19 ]

[ DOR: 20.1001.1.22287043.1401.29.4.7.4 ]

)k s 4 Moe 5 3 el 5 el Jelse 5 Sglie (ol fuly 2 (o859 slacalld 536

62. Cremona A, O'Gorman C, Cotter A, Saunders J,
Donnelly A. Effect of exercise modality on markers
of insulin sensitivity and blood glucose control in
pregnancies complicated with gestational diabetes
mellitus: a systematic review. Obes Sci Pract.
2018;4(5):455-467.

63. Zierath JR, Tsao TS, Stenbit AE, Ryder JW,
Galuska D, Charron MJ. Restoration of hypoxia-
stimulated glucose uptake in GLUT4-deficient
muscles by muscle-specific GLUT4 transgenic
complementation. Journal of Biological Chemistry.
1998;273(33):20910-20915

64. Krook A, Bjornholm M, Galuska D, Jiang XJ,
Fahlman R, Myers MG Jr, et al. Characterization of
signal transduction and glucose transport in skeletal
muscle from type 2 diabetic patients. Diabetes.
2000;49(2):284-92.

65. Irrcher I, Adhihetty PJ, Joseph AM, Ljubicic V,
Hood DA. Regulation of mitochondrial biogenesis in
muscle by endurance exercise. Sports Medicine.
2003;33(11):783-793

66. Mottola MF. The role of exercise in the
prevention and treatment of gestational diabetes
mellitus. Current Diabetes Reports. 2008;8(4):299—
304.

67. Garvey WT, Maianu L, Hancock JA,
Golichowski AM, Baron A. Gene expression of
GLUT4 in skeletal muscle from insulin-resistant
patients with obesity, IGT, GDM, and NIDDM.
Diabetes. 1992;41(4):465-475

68. Fresig C, Richter EA. Improved insulin
sensitivity after exercise: focus on insulin signaling.
Obesity. 2009;17(3): 15-S20.

69. Dugani CB, Klip A. Glucose transporter 4:
cycling, compartments and controversies. EMBO
Reports. 2005;6(12):1137-1142.

70. Jovanovic-Peterson L, Durak EP, Peterson CM.
Randomized trial of diet versus diet plus
cardiovascular conditioning on glucose levels in
gestational diabetes. American Journal of Obstetrics
and Gynecology. 1989;161(2):415-419.

71. Bung P, Artal R, Khodiguian N, Kjos S.
Exercise in gestational diabetes: an optional
therapeutic approach? Diabetes. 1991;40(2):182-185.

72. Loprinzi P, Fitzgerald E, Woekel E, Cardinal B.
Association of physical activity and sedentary
behavior with biological markers among U.S.
pregnant women. J Womens Health (Larchmt)
2013;22(11):953-8.

73. Hawkins M, Pekow P, Chasan-Taber L.
Physical activity, sedentary behavior and C-reactive
protein in pregnancy. Med Sci Sports Exerc.
2014;46(2):284-92.

74. Qazi WA, Babur MN, Malik AN, Begum R.
Effects of structured exercise regime on Glycosylated
Hemoglobin and C reactive protein in patients with
Gestational Diabetes Mellitus - A randomized
controlled trial. Pak J Med Sci. 2020;36(7):1449-

VP 5 F oyles (Y4 6,55 5jl) ipSubjs ogle alan

1

1453.

75. Jung SH, Park HS, Kim KS, Choi WH, Ahn
CW, Kim BT, Kim SM, Lee SY, Ahn SM, Kim YK,
et al. Effect of weight loss on some serum cytokines
in human obesity: increase in IL-10 after weight loss.
J Nutr Biochem. 2008;19(6):371-5.

76. Kim JH, Bachmann RA, Chen J. Interleukin-6
and insulin resistance. Vitam Horm. 2009; 80:613—
33.

77. Kuzmicki M, Telejko B, Szamatowicz J,
Zonenberg A, Nikolajuk A, Kretowski A, et al. High
resistin and interleukin-6 levels are associated with
gestational diabetes mellitus. Gynecol Endocrinol.
2009; 25:258-63.

78. van Poppel MN, Peinhaupt M, Eekhoff ME,
Heinemann A, Oostdam N, Wouters MG, et al.
Physical activity in overweight and obese pregnant
women is associated with higher levels of
proinflammatory cytokines and with reduced insulin
response through interleukin-6. Diabetes Care.
2014;37(4):1132-9.

79. Formoso G, Taraborrelli M, Guagnano MT,
D’Adamo M, Di Pietro N, et al. Correction: Magnetic
Resonance Imaging Determined Visceral Fat
Reduction Associates with Enhanced IL-10 Plasma
Levels in Calorie Restricted Obese Subjects. PLOS
ONE 2013; 8(9).

80. Clapp JF, Kiess W. Effects of pregnancy and
exercise on concentrations of the metabolic marker’s
tumor necrosis factor alpha and leptin. Am J Obstet
Gynecol. 2000;182(2):300-6.

81. Volpe L, Di Cianni G, Lencioni C, Cuccuru I,
Benzi L, Del Prato S. Gestational diabetes,
inflammation, and late vascular disease. J] Endocrinol
Invest. 2007;30(10):873-9.

82. Zhang H, Zhang C. Vasoprotection by dietary
supplements and exercise: role of TNFa signaling,”
Experimental Diabetes Research, 2012: 1-6.

83. Acosta-Manzano P, Coll-Risco I, Van Poppel
MNM, Segura-Jiménez V, Femia P, Romero-
Gallardo L, et al. Influence of a Concurrent Exercise
Training Intervention during Pregnancy on Maternal
and Arterial and Venous Cord Serum Cytokines: The
GESTAFIT Project. J Clin Med. 2019;8(11):1862.

84. de Barros MC, Lopes MA, Francisco RP,
Sapienza AD, Zugaib M. Resistance exercise and
glycemic control in women with gestational diabetes
mellitus. Am J Obstet Gynecol. 2010;203(6):556.¢1-
6.

85. Pakizeh-Del P, Shahdadi H, Mansouri A,
Karimy S. Effect of Physical Activity Training on
Fasting Blood Sugar in Women with Gestational
Diabetes. J Diabetes Nurs. 2017; 5(1):1-9

86. Youngwanichsetha S,  Phumdoung S,
Ingkathawornwong T. The effects of mindfulness
eating and yoga exercise on blood sugar levels of
pregnant women with gestational diabetes mellitus.
Appl Nurs Res. 2014;27(4):227-30

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-19 ]

[ DOR: 20.1001.1.22287043.1401.29.4.7.4 ]

87. Halse RE, Wallman KE, Newnham JP, Guelfi
KJ. Home-based exercise training improves capillary
glucose profile in women with gestational diabetes.
Med Sci Sports Exerc. 2014;46(9):1702-9.

88. Hosseini S, Kazemi N, Nouri R, Kordi M,
Kasraian M. The Effect of Aqua and Resistance
Trainings on Lipid Profile, Adiponectin, Insulin, and
Glucose in Women with Gestational Diabetes
Mellitus. The Iranian Journal of Obstetrics,
Gynecology and Infertility, 2018; 21(4): 8-18.

89. Langer OM, Berkus L, Brustman A,
Anyaegbunam R. Mazze Rationale for insulin
management in gestational diabetes mellitus
Diabetes., 1991: 40(2): 186-190

90. Boulé NG, Haddad E, Kenny GP, Wells GA,
Sigal RJ. Effects of exercise on glycemic control and
body mass in type 2 diabetes mellitus: a meta-
analysis of controlled clinical trials. JAMA.
2001;286(10):1218-27.

91. Richter E.A., W. Derave, J.F. Wojtaszewski
Glucose, exercise and insulin: emerging concepts J
Physiol., 2001; 535: 313-322

92. Wang C, Guelfi KJ, Yang HX. Exercise and its
role in gestational diabetes mellitus. Chronic Dis
Transl Med. 2016;2(4):208-214.

http://rjms.iums.ac.ir

¢A

O 5 sden! 5550

V) L5 Feslad Y4 0,5 15jl) i Siijs glealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.7.4
https://rjms.iums.ac.ir/article-1-6966-en.html
http://www.tcpdf.org

